Section of Measurement in Medicine with Section of Anaesthetics
The simple and routine observations described in this paper can perhaps hardly be dignified by the term 'monitoring', which these days suggests complex electronic apparatus. However, I believe we should try to remember that monitoring is not an end in itself but is only useful in so far as it helps us to understand or improve our management of patients or for the purposes of compiling data.
Monitoring for and after open heart surgery has gone through a number of phases of development from the Walter Mitty type of complex monitoring to the stark simplicity of no monitoring at all. In most busy centres a compromise has been reached, the result of the accumulation of past data and from personal and reported experience, together with a realization of the need to adapt. In the early experience of any team doing open-heart surgery, and by this I mean their first 200 cases or so, there will probably be a tendency to monitor the patients too much. This is seldom a serious disadvantage provided the monitoring tail does not wag the surgical dog and the operating theatre routines are not too seriously disturbed. I propose to describe my own system of monitoring as it has developed in the course of experience with over 700 open-heart operations. I should like to emphasize that it simply represents a system we find adequate for our own needs. I am sure it is not the ideal system; we do not claim responsibility for its shortcomings or credit for its advantages.
Underlying our techniques is the belief that one man, the surgeon, remains in control of the conduct of the operation and, while he may delegate responsibilities to the heart-lung machine operator, technicians or anxesthetists, he should understand the details and principles of any measurements that are made and be prepared at all times to take overriding responsibility in any area of the operation. In other words, there has to be a captain of the ship and one who is recognized as such, for when the rare by-pass emergency arisesfor example, air or pump failureone man must be there who realizes all the implications of arrest of the circulation and at the same time understands the difficulties faced by the pump operator and anesthetist. He may have to decide to cool the patient rapidly or to press on with the procedure or to withdraw or to change his technique while involved in an exacting piece of surgery and no one can make these decisions for him. In the routine case, however, each part of the teamfor example, the surgeon and his assistants, the anaesthetist and his assistants, the pump operator, nurses and techniciansmaintains a smoothly working independence and interdependence.
In practice, monitoring can be divided into two phases: (1) In the theatre. (2) After operation. Pre-operative measurements, particularly biochemical estimations, I regard as outside the scope of this discussion.
Theatre Monitoring
An electrocardiogram we regard as a useful and important monitor of the heart's action and it is connected as soon as the patient arrives in the anwsthetic room. It gives the aneesthetist information about the heart during induction of anrsthesia, when he is likely to be preoccupied with other matters, and it also provides him with this information after the chest wall has been closed. While the chest is opened we believe that visual inspection of the ventricles and atria provides the most useful information, particularly as the ECG may be affected by the mechanical handling and trauma of surgery, together with electrical interference from diathermy. However, when using coronary perfusion techniques I believe that the ECG is of paramount importance throughout the operation since it is the only way of showing that coronary perfusion is ad'.quate. All manner of complex flowmeters and pressure manometers have been used in assessing coronary flow but, no matter how clever we are at guessing the amount of blood the coronaries are supposed to require from minute to minute, in the final analysis we are in the strongest position if we are able to maintain a normal ECG complex throughout the period of coronary perfusion. For this reason I never use elective ventricular fibrillation nowadays but maintain a heart beat throughout the period of open-heart surgery while a technician keeps a close watch on the width of the QRS complexes as a monitor of adequate coronary perfusion.
Immediately the patient is anmsthetized a urinary catheter is inserted and urine flow is measured hourly. More and more I am coming round to the belief that the best single index of total circulatory efficiency during operation and in the recovery ward is afforded by the study of urinary secretion. Little attention is paid to urinary secretion during perfusion but, at the end of by-pass, a brisk and steady urinary flow suggests a good circulatory state. In the past we were preoccupied with increasing urinary flow during and after by-pass with excessive doses of diuretics. This we now believe to be a potential hazard by causing an excessive loss of potassium in the urine and the production of cardiac arrhythmias.
While the urinary catheter is being inserted the anwsthetist sets up a conventional arm drip for the administration of fluids and anesthetic drugs. No blood, however, is administered until the end of by-pass, nor is an attempt made to manoeuvre long catheters into the superior or inferior vena cava at this stage for venous pressure measurements. Now the patient, with ECG, urinary catheter and intravenous drip in place, is wheeled into the operating theatre and the operation starts.
While the chest is being opened the anesthetist attempts to insert a radial artery needle or cannula by subcutaneous puncture to the wrist. In most instances he is successful in this manoeuvre, but if not we make no attempt to cut down on the radial artery, which is a timewasting procedure pre-operatively and I do not regard the radial or any other artery as routinely expendable. If a push-in needle or cannula is in position we have a convenient monitor of perfusion pressure but it is not essential nor does it usually influence the conduct of the perfusion. The aorta itself is readily available throughout the operation for digital palpation of the perfusion pressure and, at the end of operation, arterial pressure is of course immediately available from a side arm of the arterial perfusion cannula. Only if we are worried about the patient's general condition at the end of by-pass do we cut down on a radial artery while the patient is still under the anmsthetic in theatre.
As soon as the chest is open a cannula is passed through a needle puncture in the skin at the level of the suprastemal notch and is threaded via the needle through the innominate vein into the superior vena cava: this is our source of venous pressure measurement; it avoids the delays of passing a long catheter up the arm pre-operatively and is retained post-operatively for venous pressure measurements; it is independent of arm movements, so is not subject to kinking. This simple cannula is connected by a T-tap to a saline manometer.
No other monitoring is done, but of course electromanometric pressure readings are taken to confirm the diagnosis, for which purpose a two-channel recorder is entirely adequate; this is the only thing that need be recorded on paper. I do not know why yards of expensive recording paper are used in by-pass surgery to record the ECG for posterity.
With regard to temperature recordings, we do not usually use hypothermia in our perfusions but try to maintain conditions as near to the normal as possible. I have little faith in temperature recording apparatus, apart from an ordinary glass thermometer inserted into the pharynx at intervals; complicated and expensive apparatus is subject to attacks of unreliability and is also dependent on the accurate placement of the temperature probes. Basically we are interested in the temperature of the brain and for this a glass pharyngeal thermometer is the most reliable piece of apparatus available and is accurate and cheap.
Section ofMeasurement in Medicine with Section ofAnesthetics 361 Blood loss is not measured before or during by-pass, unless an unexpectedly heavy loss occurs when it is read in the sucker bottle. At the end of by-pass, however, blood loss is measured as it comes down the thoracotomy tub.s, not as a guide to blood replacement but as an index of the efficiency or otherwise of the clotting mechanisms and of surgical hemostasis.
At the end of by-pass venous and arterial pressures are monitored and blood is replaced from the machine until the blood pressure is 100 mmHg or more and the venous pressure reads 5-10 cm of water from mid-axilla; as soon as these measurements are stable the anresthetist takes over blood replacement on the basis of venous pressure, helped by blood pressure measurements. In addition, urine secretion and blood loss measurements start at this time and blood-clotting factors are determined.
Recovery Ward Monitoring
On arrival in the recovery ward one of the most useful immediate guides to the general condition of the patient is whether a peripheral pulse is readily palpable: if so and if the patient is conscious, one need feel little anxiety about his immediate state. The other area to inspect is the feet and toes, which should be pink with full veins indicating adequate blood replacement. From the moment of arrival in the recovery ward, the venous pressure, blood pressure and pulse rate are read by the nurse at fifteen-minute intervals and blood is replaced entirely on the basis of venous pressure until a level is found which maintains a stable blood pressure. Blood pressures are usually recorded with a conventional sphygmomanometer, but if a cannula is in place this reading is taken with the aid of a simple Tycos gauge or an electromanometer. However, unless a skilled technician is available to adjust the baseline and control the electromanometer we prefer not to use one, particularly at night.
Blood loss is charted hourly as a guide to whether bleeding is continuing. If there is not a progressive decline in the hourly blood loss reading over three hours post-operatively, consideration is given to opening the chest provided that there is no free heparin or a fibrinolysin present. Urinary loss is also measured hourly; this is a valuable guide to renal and general tissue perfusion. Our aim is to keep the urinary secretion at a level of about 30 ml per hour or better in an adult; a fall below this level is regarded as a manifestation of cardiac insufficiency, not primarily of renal difficulty. In the past too much attention was paid to 'whipping a tired kidney' with mannitol and frusemide, when the problem lay probably with an inadequate cardiac output; now we ensure that the blood pressure and venous pressare are satisfactory and perhaps give digoxin if the venous pressure is high. Alternatively, if the pulse pressure is small, with a rising venous pressure and a cessation of urine secretion, this is an almost certain sign of cardiac tamponade. Only when the blood pressure and venous pressure have been stabilized, arrhythmias have been corrected and tamponade has been excluded do we consider the use of diuretics; we prefer mannitol infusions to potentially nephrotoxic agents.
Venous pressure monitoring is undoubtedly a most useful guide to the management of the patient and we make sure that the nurses know when a true venous pressure is bcing recorded: it is explained to them that there should be two distinct wave-patterns on the saline column if a true reading is being takena small rapid flick from the cardiac pulsations and a larger, slower deflection from the respirations; if these deflections are ab3ent they are warned to assume a false reading is being recorded and to send for a doctor. No blood is transfused through the venous pressure line, since this viscous fluid damps the pulsations and increases the chances of its clotting. The level of the zero on the venous pressure manometer is chcked frequently against an ink mark on the axilla of the patient with the help of a spirit level. During the early post-operative bleeding phase, a falling venous pressure always calls for blood replacement and there are hardly any exceptions to this rule. On the other hand, a rising venous pressure generally means tamponade or a failing myocardial efficiency; rarely does it indicate overtransfusion. Controversy surrounds the interpretation of the venous pressure and its use as a guide to blood volume replacement. We regard venous pressure somewhat in the light of the oil pressure in a car: it does not show how much oil is present in the sump but a normally maintained oil pressure is an index of a sweetly running engine. Blood volume measurements made with complex apparatus can certainly bz misleading but the hoematocrit is a simple and useful index.
Frequent serum potassium estimations are of the greatest importance but biochemical and hmematological investigations and the very important blood gas estimations, particularly where respiratory th-~rapy is used, belong to the experts; nevertheless the surgeon aiming to have consistent success in this field of surgery should have a working knowledge of all these mysteries. If I should have to choose one blood gas measurement more informative than any other in the critically ill patient it would be the venous and not the arterial oxygen: arterial oxygen estimates are an index of respiratory function but it is the venous saturation that indicates the cardiac output and tissue peifusion. I hope I have not created the impression that complex electronic measuring apparatus has nothing to offer us. I would stress again that this is the pattern which has emerged for us in the privileged environment in which we work, both at the National Heart Hospital and at Guy's Hospital. I feel quite sure that as the nursing shortage becomes more acute there will be an increasing need for automated multichannel monitoring, particularly in intensive care units.
Dr A J H Hewer (Department ofClinical Measurement, Middlesex Hospital, London)
The Practical Use of Monitoring in Neuro-anifsthesia A watchmaker asked to clean the movement of a clock or watch without stopping it could be forgiven for considering this a most unreasonable request. Yet the task demanded of the neurosurgeon is very similar. He is expected to manipulate the most important organ in the body concerned with the regulation of vital functions without causing serious interference to its normal operation for more than a few seconds at a time, unless the patient is protected by hypothermia. Not every part of the brain is concerned with homeostasis, but even in procedures where the cortex alone is involved, by virtue of its vascular and neuronal connexions with the brain stem, interference with higher centres can have serious repercussions at lower levels.
Access is the neurosurgeon's chief problem, which is frequently made more difficult by the presence of a raised intracranial tension. To obtain access, particularly to deeper structures, a certain amount of retraction of the surrounding tissues is inevitable; it is this retraction which sometimes causes temporary or permanent damage either to the brain substance itself or to its blood supply. This may not become evident for several hours post-operatively unless sensitive monitoring apparatus is used to detect it at the time when it occurs. Obviously, avoidance of this da-nger is one of the many skills of the neurosurgeon but, if in every difficult case he has to leave a wide margin of safety, it makes many of his tasks impossible: to reduce the number of cases which have to be classified as inoperable he must be able to exploit every means of access that he can without damage to the patient.
To the naked eye, vital centres are indistinguishable from the surrounding tissue and in any case they may be displaced from their normal position by the lesion for which the patient is receiving surgery. Any direct pressure on these centres always causes some disorganization because to produce ischoemia it is necessary only to overcome the capillary pressure. Obviously, therefore, one of our prime requirements is some system which gives warning when any of these centres is injeopardy.
A less obvious but frequent hazard is presented by a meningioma or similar vascular tumour which may be quite near to the surface of the cortex but which may also have deep vascular connexions or prolongations of its capsule. In the course of dissecting out such a tumour, traction on the capsule is usually a safe and necessary procedure to separate it from the surrounding normal brain tissue. If, however, the capsule is fibrous and thus fairly rigid, this traction may be transmitted to any deep vascular or fibrous tissue connexions which may unexpectedly exist. If these deep connexions happen to envelope structures like the middle cerebral artery or the posterior inferior cerebellar artery, serious damage may result and may be permanent if it is not detected at a very early stage. This is another situation which must be recognizable on our monitoring system.
Despite the stability of the intracranial hydrodynamic equilibrium, there is a high rate of blood flow (approximately 800 ml per minute in the full-grown adult) into and out of the skull. A high percentage of this flow takes part in the rapid interchange of fluid between the capillaries and the intracellular space of the cortex. This means that, if any obstruction or impediment occurs in the free transference of fluid between one compartment of the brain and another, there is danger of a rapid build up of a pressure differential betweeir tbhse .compartments. The semi-rigid barriers which normally support the brain thus become a source of danger, as the cortex may be strangulated or compressed wherever there is a hiatus or sharp edge which is unyielding. Now that methods are becoming available for the direct measurement of intracranial tension, these should prove of great value in the early detection of these disasters, particularly in the post-operative phase and in the treatment of head injuries with brain contusion.
We now have access to more advanced recording equipment but until recently we have had to be content with a mechanical respiratory
